There has been much debate concerning whether cis-regulatory or coding changes are more likely to produce evolutionary innovation or adaptation in gene function, but an additional complication is that some genes can dramatically diverge through alternative splicing, increasing the diversity of gene function within a locus. The fruitless gene is a major transcription factor with a wide range of pleiotropic functions, including a fundamental conserved role in sexual differentiation, species-specific morphology and an important influence on male sexual behaviour. Here, we examine the structure of fruitless in multiple species of Drosophila, and determine the patterns of selective constraint acting across the coding region. We found that the pattern of selection, estimated from the ratio of non-synonymous to synonymous substitutions, varied considerably across the gene, with most regions of the gene evolutionarily conserved but with several regions showing evidence of divergence as a result of positive selection. The regions that showed evidence of positive selection were found to be localised to relatively consistent regions across multiple speciation events, and are associated with alternative splicing. Alternative splicing may thus provide a route to gene diversification in key regulatory loci.
INTRODUCTION
The nature of the genes that cause important evolutionary change is much debated (Stern, 2000; Carroll, 2005; Hoekstra and Coyne, 2007; Stern and Orgogozo, 2008, 2009) . Recently, this has often focused on whether cis-regulatory or coding changes are more likely to produce evolutionary innovation or adaptation. Currently the data to test this are not conclusive either way (Hoekstra and Coyne, 2007; Stern and Orgogozo, 2008) ; however, it does appear that cis-regulatory changes may be more likely to underlie differences above the species level (Stern and Orgogozo, 2008) . Despite the debate, it is clear that both coding and non-coding changes can cause species differences. For example, the evolution of key odorant receptor loci may underlie ecological speciation in Drosophila sechellia (Matsuo et al., 2007) , whereas changes in the expression of genes involved in sexually dimorphic pheromonal production may influence sexual isolation in the same species group (Shirangi et al., 2009) .
The argument in favour of cis-regulatory changes is based primarily on the idea that changes in cis-regulatory regions are less likely to suffer from the negative effects of pleiotropy, due to their modular nature (Carroll, 2005; Stern and Orgogozo, 2008) . However, there are alternative genetic mechanisms that may ameliorate the constraint imposed by the pleiotropy associated with coding changes, for example, neofunctionalism resulting from gene duplication (Lynch et al., 2001; Innan and Kondrashov, 2010) . Another, much less well-studied mechanism is alternative splicing (Long et al., 2003) . Gene duplication and alternative splicing allow gene diversification by reducing the functional constraint on a gene (Graveley, 2001; Chothia et al., 2003) . Alternative splicing and gene duplication appear to be negatively correlated at a genomic level (Kopelman et al., 2005; Talavera et al., 2007; Jin et al., 2008) , suggesting that gene duplication and alternative splicing may be alternative evolutionary mechanisms influencing gene diversity (Kopelman et al., 2005) . Although both processes reduce the amount of functional constraint on a sequence, allowing changes in gene product and expression, the location and type of the changes involved have been found to be different. Substitutions occurring within alternatively spliced genes are both more localised (mainly in those exons being alternatively spliced) and less conservative than those in genes that have been duplicated (Talavera et al., 2007) . The gene fruitless (fru) is an alternatively spliced transcription factor that has been identified in a broad range of insect groups (Salvemini et al., 2010) , including Orthoptera (Ustinova and Mayer, 2006; Boerjan et al., 2011) , Blattodea (Clynen et al., 2011) , Hymenoptera (Bertossa et al., 2009) and Diptera (Ryner et al., 1996; Gailey et al., 2006; Salvemini et al., 2009; Sobrinho and de Brito, 2010; Salvemini et al., 2013) . fru is a pleiotropic gene with at least two major functions: one that controls male sexual behaviour and another that is essential for viability in both sexes. All Fru proteins are putative transcription factors containing a common BTB (protein:protein interaction) N-terminal domain, a connector region and, through alternative splicing, one of four C-terminal Zn finger DNA-binding domains (A, B, C and D) . Transcripts from the most distal fru promoter, P1, undergo sex-specific alternative splicing and encode the male-specific Fru M proteins that only differ from the common isoforms by the addition of 101 amino acids at the N-terminus. These male-specific putative transcription factors determine many of the neuronal substrates for sexual behaviour in the male central nervous system (Figure 1 ) (Ito et al., 1996; Ryner et al., 1996) .
The high level of pleiotropy associated with fru suggests that it should be evolutionarily conserved (Wilkins, 1995; Billeter et al., 2006a) . Such conservation was shown by the ability of the Anopheles gambiae ortholog of fru to function when ectopically expressed in D. melanogaster resulting in the production of the fru-dependent male-specific muscle of Lawrence (Gailey et al., 2006) . As A. gambiae and D. melanogaster have been separated for B250 mya (Gaunt and Miles, 2002; Zdobnov et al., 2002) , Gailey et al. (2006) concluded that fru has been functionally conserved across this time period. This has been further emphasised with the finding that RNAi-mediated knockdown of fru extinguishes male courtship in the cockroach Blattella germanica, suggesting that the large role fru has in the production of male sexual behaviours has been conserved for at least a large portion of insect evolution (Clynen et al., 2011) . Despite this, many of the courtship behaviours influenced by fru are known to be species-specific, and fru has been implicated as a potential candidate gene for species-specific divergence in QTL (quantitative trait loci) studies (Gleason and Ritchie, 2004; Lagisz et al., 2012) . Furthermore, a recent study of the fru connector region using three species of fruit fly (Genus: Anastrepha) found evidence of positive selection based on both sequence differences and population gene frequencies, suggesting that fru may contribute to species-specific differences in male courtship behaviour of Anastrepha species (Sobrinho and de Brito, 2010) .
This highlights an intriguing conundrum about the widespread use of candidate genes in evolutionary biology; important genes would be expected to be under selective constraint, yet to be important to adaptation, such genes must evolve rapidly between species. The candidate gene approach has proven very successful in numerous studies of species differences (Martin and Orgogozo, 2013) , including studies of behaviour (Fitzpatrick et al., 2005) . fru provides an example of such a gene: on the one hand, fru is known to be a highly pleiotropic essential gene for both sexes, suggesting it should be highly conserved. On the other hand, fru has been implicated in the production of behaviour, which is typically species-specific. One possible resolution to this is that the alternative splicing of the exons in fru may allow some exons to accumulate changes that alter species-specific behaviour, while other exons are conserved to maintain their essential functions. To address this we have conducted an analysis of the fru-coding region from 18 species of sequenced Drosophila. We examine (i) the pattern of sequence variability across exons of fru between Drosophila species, (ii) what proportion, if any, of such variability is due to positive selection and (iii) if divergently selected regions of fru specifically occur in the alternatively spliced exons.
MATERIALS AND METHODS

Drosophila species
The Drosophila genome assemblies used in this paper were downloaded from the following websites in Re-sequencing assembly gaps in the fru locus
To obtain the sequence of the C exon of fru for D. simulans and D. sechellia genomic DNA was extracted from inbred lines of D. simulans (f 2 ;nt, pm; st, e, kindly provided by Jerry Coyne) and D. sechellia (David4A, kindly provided by Jean R. David) (see Gleason and Ritchie, 2004 ) using the single fly prep method developed by Gloor et al. (1993) . The resulting extractions were then amplified via PCR using the following primers designed from the orthologous region in D. melanogaster: 5 0 -GACGGGCTGTTGTGTGTTC-3 0 and 5 0 -CACGCCCTTAAA TGGATGA-3 0 . The PCR products from these reactions were then Sanger sequenced using Dundee Sequencing Services (www.dnaseq.co.uk), the consensus sequences of which were then submitted to Genbank (accession numbers: KF005597 and KF005598 for D. simulans and D. sechellia, respectively).
Annotation of the fru orthologs in Drosophila species
Annotation of the orthologs of D. melanogaster fruitless (fru, CG14307) gene was performed for the other Drosophila species using a combination of BLAST (Altschul et al., 1990) , GeneWise (Birney et al., 2004) and manual curation. Available amino-acid sequences of the proteins encoded by the fruitless (FlyBase, FBpp0083060-67 and FBpp00839355-59) of D. melanogaster were used as the queries in TBLASTN search of each of the other Drosophila species' genomic DNA in turn. The worst scoring alignments were discounted. For the remainder, the genomic DNA involved in the alignment, with flanking regions, was extracted using a simple BioPerl script (Stajich et al., 2002) . Provisional gene structures were predicted automatically by realigning the D. melanogaster proteins and the genomic region using GeneWise. Finally, coordinates of exons in the GeneWise predictions were corrected manually. This was necessary to obtain a realistic gene structure where the protein sequence diverged from that of the D. melanogaster protein in the region of a start, stop or splice site, causing the GeneWise model to truncate the exon. Thus, the loci structure and protein-coding exons were identified across 18 species of Drosophila. The D. persimilis and D. rhopaloa genome assemblies were found to have poor coverage of the region that includes fruitless, so we excluded these species from our analysis. The size of fru orthologs was defined as the sequence from the transcription start site in promoter 1 (P1) to the end of the C exon ( Figure 1 , Supplementary Table 1 ).
Figure 1
The structure and splicing pattern of the fruitless gene in D. melanogaster. P1 promoter mRNA transcripts are sex-specifically spliced at the 5 0 -end, resulting in the inclusion of the S exon and the addition of 101 amino acids (yellow) to male-specific isoforms (Fru M ) and the inclusion of a premature stop codon in females (UAA). Alternative splicing at the 3 0 -end of transcripts produced from the sex-specific P1 promoter and non-sexspecific P2-4 promoters results in the inclusion of alternative DNA-binding domains A (purple), B (orange), C (green) or D (brown). All isoforms contain the BTB domain (blue) and connector region (grey). Common exons C1-5 are included in fru A/B/C isoforms, whereas the fru D isoform includes exons C1-C4. Untranslated regions (UTRs) are shown in white and translation start codons are indicted (ATG).
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Sequence analysis
The protein-coding sequences of fru were multiply aligned using ClustalW (Thompson et al., 1994) on translations, followed by Protal2dna (K. Schuerer, C. Letondal; http://bioweb.pasteur.fr) to obtain a codon alignment for use in PAML (below). Pairwise nucleotide identity values for the codon aligned sequences were obtained using the Geneious program (version 5.6.6. available from www.geneious.com).
The M0 model of codeml in the PAML computer package (Yang, 1997 ) was used to determine overall selective constraint acting on the fru protein-coding exons through estimation of the ratio of the normalised non-synonymous substitution rate (d N ) to normalised synonymous substitution rate
o41 is considered to be strong evidence of positive selection for amino-acid replacements, whereas oE0 indicates purifying selection (Yang and Bielawski, 2000) .
The alternative splicing of fruitless produces a number of well-defined transcripts in D. melanogaster of which the following were tested for evidence of positive selection across all of the species: the set of transcripts that consist of C1-C5 exons and one of the 3 0 -alternatively spliced exon ends (either A (Fru-RI, FBtr0083648), B (Fru-RK, FBtr0083650) or C (Fru-RF, FBtr0083644)), the transcript that includes exons C1-C4 and exon D (Fru-RD, FBtr0083647), the C1-C5 exons alone (Fru-RA, FBtr0083646), and the three male-specific fru transcripts, which include the C1-C5 exons, sex-specific N-terminus (S) and one of the 3 0 alternatively spliced exon ends (either A (Fru MA ), B (Fru MB ) or C (Fru MC )) ( Figure 1 ). In addition, we also tested exon S separately.
To test for evidence of positive selection on the fru products, we used M7 vs M8 and M8a vs M8 site-based model comparisons in PAML (Yang, 1997) . Models M7 and M8a are null models, which do not allow any sites to have o41. M8 has the additional parameter of a class of sites (p 1 ) which allow o41. Models are compared by a log-likelihood ratio test, LRT (LRT ¼ À2 times the difference in log-likelihood tested against a w 2 -distribution with the number of degrees of freedom equal to the number of additional random effects). It should be noted that the use of two degrees of freedom for the M8 vs M7 comparisons and one degree of freedom for the M8a vs M8 comparisons is considered conservative (Swanson et al., 2003; Wong et al., 2004) .
Site-based models average the value of o over all of the branches in the tree meaning such tests lack power if selection has been concentrated on only a few branches. One could apply branch-based or branch-site-based models of selection, which allow the value of o to vary between linages. A problem with this method is that any such divisions must be applied a priori and it is unclear why we would expect selection on fru to differ among Drosophila linages. As a result, we did not apply any branch or branch site models to our data. The tree provided to PAML for selection analyses was produced using trees from 
RESULTS
Genomic location of the fru locus
The gene fruitless is located on the right arm of the third chromosome (3R) in the D. melanogaster genome, spanning nearly 130 kbp, in cytological position 91A7-91B3 with genes CG31122 and CG7691 located up and downstream of fru, respectively. We identified single copy orthologs of fru in 17 other Drosophila species. Only D. simulans, D. yakuba and D. pseudoobscura genomes are localised to chromosomes, the remainder are only available as scaffolds. We identified the location of the fru locus in each species and an approximate length of the region encompassing the fru exons (Supplementary Table 1 ). In D. simulans and D. yakuba, fru is located on the right arm of the third chromosome (as in D. melanogaster), and on the second Muller element in D. pseudoobscura (homologous to the 3R of D. melanogaster) (Powell, 1997) . The total length of the fru locus varies between species from 117 kbp in D. bipectinata and 167 kbp in D. mojavensis (Supplementary Table 1) . Local synteny of genes appears to be conserved as all but one of the fru orthologs identified in this study are flanked by the orthologs of CG31122 and CG7691. The fru ortholog of D. kikkawai is flanked by CG31122 but not CG7691. This, however, is unlikely to represent a change in local synteny, but rather is a result of fru occurring near the end of the assembled scaffold.
Organisation and structure of fru Common exons. Across Drosophila species, we identified exons C1-C5 and reconstructed the exon-intron structure of this region. Putative splice donor and acceptor sites are in agreement with the consensus motifs (Mount et al., 1992) . The exons C1, C2 and part of Positively selected changes in fruitless DJ Parker et al C3 encode for BTB/POZ domains and the remainder of C3, C4 and C5 encode for the 'connector' that joins BTB and 3 0 zinc-finger domains. The Fru BTB domain is a highly conserved B120 aminoacid long domain, found in many other D. melanogaster transcription factors (Zollman et al., 1994; Bonchuk et al., 2011) . Across the species we found that the C1 and C2 exons are highly conserved, with pairwise nucleotide identity of 94% and few amino-acid substitutions across all species (two sites in C1 and 1 site in C2). The nucleotide and amino-acid similarity is reduced in the C3, C4 and C5 exons with pairwise nucleotide identity values of 79%, 84% and 83%, respectively.
Alternative 3
0 -ends-zinc-finger domains. A schematic of alternative splicing of the fru exons is presented in Figure 1 . There are four main alternative 3 0 -exons: A, B, C and D. Exons A, B and C each contain two C 2 H 2 zinc-finger-binding domains (Ito et al., 1996; Ryner et al., 1996; Usui-Aoki et al., 2000) . Manual inspection of the exon D alignment identified a pair of conserved cysteine and histidine residues separated by a motif of 28 amino acids (consensus sequence: CRHC RKWSGELADIRTSFVEGNSNFRLEIVNH HNKCKSH-cysteine and histidine motifs underlined). This is a significant departure from the consensus 'finger' sequences (Wolfe et al., 2000) suggesting that exon D encodes for either an atypical zinc-finger domain, a non-functional domain or a domain with novel structure. The zinc-finger motifs of exons A, B and C have no amino-acid substitutions across all species and the proposed zinc-finger motif of the D exon has only two aminoacid sites, which vary between these species. Pairwise nucleotide identity values vary for the four alternative 3 0 -exons, with exons A and D showing less sequence conservation across species than exons B and C (pairwise nucleotide identity values for exons A, B, C and D: 62%, 82%, 76% and 71%, respectively).
Alternative 5
0 -sex-specific exon. The alternatively spliced exon S was found to be similar across species with a pairwise nucleotide identity value of 77%. In addition, the three transformer (tra/tra2) binding sites in the S exon UTR were also found to be highly conserved (pairwise nucleotide identity value of sites 96.4%, 97.2% and 88.6%, respectively) (see Supplementary Figures 2 and 3 for alignments) .
Selection analysis
Across the whole-coding region of fru the value of o was 0.107, implying purifying selection is acting; however, the value of o varies widely across the gene. Selective constraints on the region coding 0 sex-specifically spliced exon S was also found to be mainly purifying (o S ¼ 0.074).
Comparison of the nested models M7 and M8 across the wholecoding region of fru found M8 to be a significantly better fit (P ¼ 0.00001) with 3.4% of sites (p 1 ¼ 0.03414, o ¼ 1.46311) under positive selection. The more stringent test for positive selection (the comparison of the M8a and M8 models) also found M8 to be a better fit (P ¼ 0.005). Comparison of M7 and M8 found M8 to be a significantly better fit for most of the known transcripts (Table 1) ; however, M8 was a better fit for only three of transcripts when compared with M8a. These contained either exon A (Fru-RI and Fru MA ) or exon D (Fru-RD) indicating positive selection on these regions (Table 1) . For those transcripts, the proportion of sites under positive selection (p 1 ) was around 4% (Fru-RI: Table 1) . Transcripts containing other exons either showed the M8 model to be a better fit than M7 but not M8a (exons B and C) or M8 was not a better fit than M7 (C1-C5, containing only the BTB domain and the connector), implying these regions are evolving neutrally or under purifying selection, respectively. The M8 model was also found to not be a better fit than M7 for exon S (P ¼ 0.656, Table 1 ) implying this exon is also evolving under purifying selection. Positively selected changes in fruitless DJ Parker et al
Pairwise sliding window comparisons of fru across the melanogaster group species (Figures 2 and 3) shows values of o are elevated in similar areas in each of the pairwise comparisons: around the 5 0 -end of the A exon, in line with the finding that transcripts containing the A exon are under positive selection (Table 1) . There is evidence for saturation, because values of o for species more distant to D. melanogaster have lower peaks of o, probably as a result of a large number of synonymous changes rather than a lack of non-synonymous changes (Figure 4) . The pairwise sliding window comparisons, however, did not show peaks in the region containing exon D, despite evidence for positive selection on transcripts containing this exon. An explanation for this may be that the positively selected changes in exon D are less localised than in exon A, and that, unlike exon A, the putative zinc-finger for exon D is in the middle of this exon, which may make sites of diversifying selection more difficult to visualise.
DISCUSSION
Divergence during speciation is thought to be driven by strong selection (Coyne and Orr, 2004; Rundle and Nosil, 2005) , thus such divergence would be expected to leave a signature of an excess of nonsynonymous substitutions (dN) between closely related species. However, the increasing availability of genome projects and focussed studies of gene families are finding that relatively few genes show elevated dN in genomic comparisons (Drosophila 12 Genomes Consortium, 2007; Ellegren et al., 2012) . Relaxed selection, especially following gene duplication, is undoubtedly also important to the evolution of new gene functions and species differences. fru is a gene with highly pleiotropic functions, some of which are essential for viability in both sexes (Anand et al., 2001; Song et al., 2002; Song and Taylor, 2003) . Previous studies have suggested that fru should be evolutionarily conserved (Wilkins, 1995; Gailey et al., 2006; Salvemini et al., 2009; Clynen et al., 2011) , yet it has also been implicated in the production of sexually dimorphic behaviour, which is known to change rapidly between species (Mendelson and Shaw, 2005; Kraaijeveld et al., 2011) . In addition, fru has also been implicated as a potential candidate gene for the production of species-specific behaviour differences (Gleason and Ritchie, 2004; Sobrinho and de Brito, 2010) . The alternative splicing of fru may offer a resolution of this apparent contradiction, if some exons accumulate changes that alter species-specific behaviour, while other exons remain conserved to maintain their essential functions. This predicts that different transcripts of the same gene should have rather different evolutionary rates and show variation in the relative rate of non-synonymous substitutions.
Positive selection is restricted to alternatively spliced exons We found evidence of positive selection acting on a small but significant number of sites in the fru-coding region (Table 1) . These sites are restricted to transcripts containing alternatively spliced exons A or D. In contrast, alternatively spliced exons B and C did not show evidence of positive selection, and appear to be governed primarily by purifying selection with a small proportion of neutrally evolving sites (Table 1 ). The male-specific alternatively spliced exon S and common coding regions of fru transcripts also showed no evidence of positive selection and appear to be under strong selective constraints.
These findings raise clear predictions concerning the functional importance of different transcripts, which, for example, could be tested by mutagenesis or selective introgression experiments. As transcripts containing exons B and C were found to be conserved, we hypothesise that they are responsible for the essential functions of fru, whereas transcripts containing exons A and D are more likely be involved in non-essential functions, which may contribute to phenotypic differences between species. As exon D does not appear to be included in fru isoforms controlling male sexual behaviour (Billeter et al., 2006b) , we further hypothesise that sequence variation in isoforms containing exon A, could influence species-specific differences in male sexual behaviour. We know from molecular genetic studies, that fru exploits these multiple isoforms through spatial and temporal expression of either a single, or a combination of isoforms enabling specific phenotypic outcomes. For instance, the production of serotonergic neurons in the central nervous system that innervate the male reproductive system depends on the expression of Fru MB and Fru MC isoforms and not the Fru MA isoform (Billeter et al., 2006b) .
Our finding of positive selection in alternatively spliced exons at the 3 0 -end of fru raises the question of why no positive selection was found in alternatively spliced exon S towards the 5 0 -end of fru. A potential solution is that, although exon S is alternatively spliced, it is either present or absent in fru transcripts (that is, there is no alternative exon to S, isoforms vary only in the presence or absence of exon S). This means that, unlike at the 3 0 -end of fru, the alternative splicing of exon S does not provide redundancy at the 5 0 -end of fru, and thus does not provide any reduction in selective constraint for this exon.
Our finding, that positively selected changes are localised to alternatively spliced exons, is in broad agreement with previous studies that have shown that typically there are a greater number of positively selected changes in alternatively spliced exons than in constitutively spliced exons (Ermakova et al., 2006; Ramensky et al., 2008; Hughes, 2011) . This suggests that alternative splicing may provide a general mechanism for the evoultion of noveliy in otherwise conserved genes. In contrast, a previous study looking at the patterns of selection on fru in Anastrepha fruit flies (Sobrinho and de Brito, 2010) found evidence for positive selection on constitutively spliced exon C3. We did not find evidence of positive selection in this region, however, it is not known if positive selection also occurs in the alternatively spliced regions of Anastrepha fru as these regions are not currently available for study, making direct comparisons with our study difficult.
Positive selection on alternatively spliced exons presumably arises due to changes in protein structure. However, splicing regulation occurs via changes in exonic-splicing regulators (ESRs), which are presumably themselves under selection. ESRs are typically short sequences (usually hexamers) within coding regions, which enhance or suppress splicing. As ESR motifs are regulatory in function, functional changes will not necessarily be detected by dN/dS style analyses. Selected changes in ESRs should not favour non-synonymous changes over synonymous changes (synonymous changes, in fact, should be more likely to avoid potentially deleterious changes in protein sequence). This combined with the fact that ESRs are typically quite short, means that selection for changes in splicing regulation via ESRs is unlikely to be found by this analysis, so the evidence for positive selection found in this study is more likely to reflect selection for changes in the protein sequence.
How could the positive selection detected in some transcripts of fru act to alter traits, including distinct behaviours? As fru is a transcription factor, sequence changes could either cause change in the target loci it binds to, or it could alter the expression of a similar suite of downstream loci. Our data perhaps suggest that the latter is more likely; the zinc-finger motifs of all the 3 0 -alternatively spliced exons (A, B, C and D) are highly conserved. This suggests that the positive selection detected is unlikely to be changing the sites the transcription factor binds to between species. As transcription factors typically interact with several proteins while binding DNA, changes to the amino-acid sequence outside the zinc-finger may affect the efficiency with which the transcription factor is able to bind to the target DNA and/or influence the way the transcription factor interacts with other proteins (Locker, 2001 ). As such, the changes in exon A and D may influence the regulation of downstream genes to which the zinc-finger binds. Currently, the genes directly regulated by fru are unknown (Villella and Hall, 2008) , however, as fru is known to be a major gene in the sex determination cascade, the changes in fru found by this study may influence the expression of a large number of downstream targets (Baker et al., 2007) .
Owing to fru's position in the sex determination pathway and the role it has in the shaping of male sexual behaviour, these results suggest that fru may be acting as a 'hotspot gene' for the evolution of male sexual traits. Hotspot genes are those genes which are able to incur a disproportionate number of evolutionary important mutations for a trait: mutations, which cause a large enough phenotypic change for selection to act upon and that are able to be positive selected due to limited negative pleiotropy (Stern, 2000; Stern and Orgogozo, 2009; Martin and Orgogozo, 2013) . Stern and Orgogozo (2009) suggest that such hotspot genes will contribute disproportionally to the evolution of differences between species. Of course, numerous high resolution QTL studies of species differences will be required to assess the likelihood of a disproportionate role of individual loci in species differences. Stern and Orgogozo (2009) also suggest that regions of a gene, which experience less pleiotropy would be more likely to accumulate evolutionary relevant mutations. They suggested this in the context of cis-regulatory vs coding mutations whereby cis-regulatory mutations would be more likely to accumulate changes (Stern, 2000; Carroll, 2005; Hoekstra and Coyne, 2007; Stern and Orgogozo, 2008; Stern and Orgogozo, 2009 ). The same might be true for alternatively spliced regions, which are likely to experience less pleiotropy than common coding regions due to the functional redundancy the production of alternative transcripts provides. Our findings are consistent with this: we found that positively selected changes in fru had accumulated in two of the alternatively spliced exons, showing that alternative splicing may impact a gene's ability to accumulate evolutionary relevant mutations. In many ways, this is similar to the role of neofunctionalisation of recent duplicate loci in the generation of evolutionary novelty (Lynch and Conery, 2000) . The widespread incidence of alternative splicing in plasticity, gene function and adaptation is starting to be understood, but how this will contribute to adaptive divergence and ultimately speciation is only beginning to be explored (Ast, 2004; Harr and Turner, 2010) .
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Sequence Accession number
Drosophila simulans strain f2ntpm fruitless (fru) gene, partial cds
KF005597
Drosophila sechellia strain David4A fruitless (fru) gene, partial cds KF005598
